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ABSTRACT
An experimental investigation is presented of the thermionic emission
from oxide-coated cathodes in which the applied voltage range extends from
the retarding potential region through zero field and up to an average
accelerating field of 50,000 volts per cm. The retarding potential range
yields information concerning the energy distribution of the electrons
emitted, and indicates an excellent agreement between theory and experiment
for high retarding fields. Near zero field, cathode inhomogeneity or patch
effect may be responsible for the deviations found. Consideration is given
to the influence of a possible reflection effect, but theoretical calculation
indicates that with the large area cathode used, the simultaneous reflection
at the emitter and the collector surfaces so alters the observed current
voltage relationship, that the existence or non-existence of a reflection
effect cannot be determined by the experiment. Results shown in the accel-
erating field region up to 50,000 volts per cm are accounted for on the bases
of two assumptions: patch effect for small accelerating fields, and the
intensification of the field at sharp points expected in view of the inherent
roughness of the cathodes studied. The deviation of the experimental results
from those predicted by the Schottky mirror image theory is explained over
the whole range of observation by these two assumptions.
* From a doctoral thesis submitted to the M.I.T. Department of Physics.
**Now with the Department of Physics, Purdue University.
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THERMIONIC EMISSION FROM OXIDE CATHODES:
RETARDING AND ACCELERATING FIELDS
I. Introduction
The object of this work is to study two of the properties of the sur-
face potential barrier of an oxide cathode. The first is the reflection
effect on electrons crossing this barrier, and the second is the lowering
of this barrier height in the presence of an external electric field. The
surface potential barrier of a uniform thermionic emitter is usually assumed,
for distances large compared to the lattice constant, to be due to the mirror
image force alone. The quantum-mechanical reflection coefficient for an
image force barrier, according to Frank and Young (1), is only six percent
for the low energy electrons and is a slowly varying function of the elec-
tron energy in the direction normal to the cathode surface. One way of
determining the reflection coefficient experimentally is to measure the elec-
tron current to the anode as a function of the retarding potential of the
anode relative to the cathode. The thermal equilibrium energy distribution
of electrons in the emitter, with energies above the height of this barrier,
is known to be Maxwellian since the height of the barrier from the -level
is always large compared to kT at all operating temperatures of the cathode.
This retarding field current, for cylindrical electrodes and assuming zero
reflection coefficient is, as given by Schottky (2),
v = {en e- dx + ex dx (1)
Jv = Jo 0 )V e - (
where Jv' and J denote the currents per unit length of the cathode when the
retarding potentials are V and zero respectively. And n = eV/kT, e = r/R,
= R2/(R2 - r2), where r, R denote the radii of the cathode and the anode
respectively. The Jv/Jo vs. V/T curves are independent of T under the condi-
tions of this equation. Using this retarding potential method, Nottingham
(3) found that for pure tungsten and thoriated tungsten of all degrees of
coverage at the same temperature, the plots of log (iv/io) against V/T all
coincide, but the plots for different temperatures differ from each other
and from the theoretical curve assuming no reflection as given by Eq.(l).
A reflection coefficient of the form
p 2
R(Px) = exp 2mw ) (2)
was proposed, where Px denotes the momentum normal to the cathode surface
that the electrons would have with zero applied field at distances beyond
the range of mirror image forces. With the constant k/w = 4.5 x l0- 4 deg- 1,
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all his data could be explained. This result was interpreted to mean that
this reflection coefficient is probably related to the image field and not
to the surface patches, and therefore a reflection effect of at least this
amount should exist at the surfaces of all electrodes including the anodes
and the oxide cathode. Experiments on oxide cathodes by Heinze and Hass (4),
Fan (5), and Brown (6), have shown agreement with Eq.(l) for high retarding
potentials. Deviations at low retarding potentials were reported and demand
further study.
The lowering of the image force barrier in an external field, is accord-
ing to Schottky (2),
A = eE (3)
and the anode current in an accelerating field is
Jv = J exp (e * ) (4)
where E is the accelerating field at the cathode surface. Equation (4) is
exact in the case of parallel plane electrodes and is also valid in the case
of cylindrical electrodes except at very low anode voltages. Investigations
on tungsten and thoriated tungsten cathodes by Nottingham (3) have shown
agreement with Eq. (4) except for deviations at low accelerating potentials
which have been explained satisfactorily by the patch theory. Measurements
on oxide cathodes by Fan (5), Mahlman (7), Sproull (8), and others have shown
that the slopes of the Schottky plots, log(Jv/Jo) vs. ; , in accelerating
fields up to 10,000 voltskm are 2 to 6 times higher than the theoretical
image theory line. This effect was usually attributed to the patches, and
it was suggested that the theoretical line might be approached at accelerat-
ing fields sufficiently high.
In making further studies of these properties of the surface potential
barrier, we notice that there are two more defects of the oxide cathode which
should be considered: the non-uniformity of the work function of the anode
due to contamination, and the roughness of the oxide cathode surface. In
this work we have managed to keep the anode free from the materials evapora-
ted from the cathode so that the anode work function was uniform and did not
change with the anode current. The roughness of the oxide cathode surface
has been taken into account in analyzing our results.
II. Experimental Setup
A. The Experimental Tube
The main feature in the design of the experimental tube involved the
use of a sliding anode structure in order to keep the anodes clean. A
drawing of the sliding structure is shown in Fig. 1. The cathode (K) and
the auxiliary anode (AA) are fixed in position while the main anodes, the
-2-
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Fig. 1 The sliding anode structure. Fixed elements:
K, cathode, 0.2 cm in diameter and 4.5 cm long;
w0 AA, auxiliary anode, 2.5 cm in diameter; W,
0.002-inch tungsten wire as one element of the
thermocouple; A, glass sleeves for guiding the
motion of the sliding structure. Sliding struc-
ture includes: G, guard rings, 0.8 cm in diame-
ter; C, collector, 0.8 cm in diameter; R, glass
rings as insulation and support; B, 6 tungsten
rods sealed in R for supporting the guard rings
and the collector; D, tungsten rods sealed in R,
sliding in A. The sliding structure is in the
normal position for emission measurements.
x R
collector (C) and the guard rings (G), are removable. During the processing
of the tube, the main anodes (GCG) were drawn up and were kept hot during
the breakdown and the activation of the cathode so that materials evaporated
from the cathode did not contaminate them. The auxiliary anode served as
anode for drawing emission during activation. After the tube was sealed off,
when the main anodes were suspected of being dirty, they were drawn up and
heated to high temperatures to drive off the deposits. The collector and
the guard rings were supported by a bird-cage-like structure, restricted to
up-and-down motion through the use of the glass sleeves (A). The main
anodes and the auxiliary anode were made of tantalum which does not show
"anode effect" (3) after it has been properly cleaned.
The cathode sleeve was made of 2-mm diameter grade A nickel tubing.
The cathode temperature was determined by the thermocouple method as used
by Fan (5) and others. A 2-mil tungsten wire was welded to the center of
the inside of the cathode sleeve. The point of welding served as the hot
junction. The tungsten wire and a 5-mil nickel wire welded to the end of
the cathode sleeve were brought out through a separate press. This press
was immersed in an oil bath to keep the cold junction temperature constant.
The disturbance of the cathode sleeve temperature (5) by this tungsten wire
may be neglected. The temperature of the coating surface is believed to be
within a few degrees of the sleeve temperature at all operating temperatures
(9). The tungsten-nickel thermocouple was calibrated against chromel
P-alumel thermocouple and checked against the readings of a glass thermometer
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for every hundred degrees. The calibration curve is shown in Fig. 2.
The main anodes and the auxiliary anode were chemically cleaned and
induction-heated to 16000°C for a prolonged period.
zouo uq 4Vu
T (C)
Fig. 2 Calibration curve of tungsten-
nickel thermocouple. T is
temperature of hot unction
above that of cold unction
(at 25°C).
JU Ou60(
The cathode coating consisted of (BaSr)C0, sprayed onto the sleeve to
an amount of 5 mg/cm2. The tube was baked out thoroughly at 500'C, and
after this the cathode was broken down and activated. The pressure of the
tube after seal-off was around 10-8 mm Hg with the use of getter.
B. The Measuring Circuit
The measuring circuit is shown in Fig. 3. The experimental tube was
shielded in a copper box against disturbances. All leads coming out of the
box were shielded. The heater current was measured by the voltage drop
across a 0.1-ohm resistance with a Leeds and Northrup K-2 potentiometer.
The negative lead of the heater was made 6 volts positive with respect to
the cathode to suppress electron emission from the heater. The connections
for thermocouple emf measurement were all copper wires from the cold junc-
tion to the meter. A change of cathode temperature by 0.20 C, resulting in
a change of thermocouple emf of 0.007 mv, was indicated by a deflection of
0.2 mm on the galvanometer scale. The cathode was grounded through a 0.5-Lf
condenser in parallel with a 100-P41f mica condenser to shunt off electrical
disturbances. The anodes were grounded and the cathode voltage was variable.
.
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Retarding voltages were obtained from dry cells and measured with the K-2
potentiometer. Accelerating voltages below 200 volts were obtained from
dry cells, while those from 200 to 8000 volts were obtained from a high
voltage rectifier and controlled by a voltage stabilizer. The voltage stabi-
lizer employed an amplification-factor bridge circuit with an 811 tube.
When properly adjusted, the variation in output voltage of the stabilizer
was below 1 per cent of the input variation for all load currents up to
1 amp. The guard rings and the auxiliary anode were connected directly to
ground, while the collector lead was led to the current measuring equipment
through a coaxial copper tubing which was grounded. The wire was insulated
from the tubing with polystyrene discs. The current measuring equipment
consisted of a resistance and balancing emf circuit and a Compton quadrant
electrometer. The voltage drop across a high resistance or a condenser due
to the collector current was balanced out, as indicated by the zero deflec-
tion of the electrometer, and measured with the potentiometer. Vacuum tube
platinum resistors up to 1010 ohms were used for current measurement down to
10-12 amp, and the charge-accumulation method employing a 100-plf air con-
denser, and a 10-ptf air condenser (built in the electrometer), were used
for current measurement down to 10-1 4 amp.
III. Retarding Field Studies
A. Retarding Field Current from a Non-Uniform Cathode
It is known that because of the different crystal faces, the crystal
defects, and the various amounts of foreign matter absorbed on the crystal
faces, the work function of an oxide cathode is not uniform but varies over
short distances along its surface. This non-uniformity of the cathode work
function, the patches, causes the retarding field current to be different
from that predicted by Eq.(l) which is derived for an ideal uniform cathode.
In the actual case, electrons emitted from the various parts of the cathode
experience different retarding fields. The retarding potential which an
electron experiences in going from the cathode to the anode is the difference
between the height of the potential barrier at the anode surface and that
near the patch from which the electron is emitted. The total retarding
field current is the sum of the component currents from the various patches,
each of which varies according to Eq.(l) when the proper value of retarding
potential is used, and each saturates at a different anode potential. A
plot of this total current against the applied retarding potential would
show a slower approach to the saturation current than in the ideal case of
a uniform cathode, and consequently an apparent shortage of slow electrons
in the energy distribution of the emitted electrons. The effective work
function of the non-uniform cathode can be defined as * in the following:
-6-
J = A* T5 / 4 exp (-E- ) (5)
where J is the observed saturation current, and A* is the effective A con-
stant. Since in general the plot of log(Jo/T5/4) vs. l/T for oxide cathodes
can be represented by a straight line, this effective work function is equiv-
alent to the work function for an ideal uniform cathode which has the same
thermionic emission as the actual cathode over the temperature range studied.
The effective zero field V can be defined from the following equation:
V* = anode -* . (6)0
It is determined from experiment by matching the experimental retarding
field plot to the theoretical Schottky plot at both high retarding fields
and at saturation. The zero field point on the theoretical curve marks
the effective zero field, because when thus matched the theoretical curve
represents the retarding field plot of an ideal cathode which has its work
function equal to *. The effective work unction and effective zero field
defined in Eqs.(5) and (6) are necessarily temperature dependent even if
the work functions of the patches are independent of temperature, however,
the temperature dependences are only slight.
B. Experimental Result and Interpretation
The experimental study was made at temperatures between 442°K and 535°K.
The maximum current density reached in these runs was below 0.1 amp/cm2.
Experiment shows that at such low temperatures and low current densities no
measurable change of the cathode state took place. The curves for increasing
and for decreasing retarding potentials coincided very well. The changes in
temperature during each run at one particular temperature were always within
0.20C. Anode effect was found to be not present.
The experimental curves are shown in Fig. 4; an enlarged drawing with
all the curves matched together, in Fig. 5. It is seen that at retarding
potentials above 0.2 volt, all the experimental curves coincide with the
theoretical curve assuming no reflection. Therefore, at least for the high
energy electrons, the energy distribution obeys Maxwell's law, and the elec-
tron temperature agrees with the cathode temperature. The departure of the
experimental curves from the theoretical is seen to occur in a range of
0.3 volt. Even at the maximum current density of 0.1 amp/cm, space charge
distortion of the curves should not be detectable. The anode was found to
be free from contaminations, so that the condition of uniform anode surface
potential is approximately satisfied. Although the temperature of the
cathode was not uniform along its whole length, it is believed that the
temperature variation over the cathode under the collector was not more
-7-
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Fig. 4 Retarding field plots. Circles indi-
cate the experimental points, and solid
line the theoretical Schottky curves.
than 20°C or 30C, and the temperature variation over the entire cathode was
within 30°C or 40°C at the measuring temperatures which were used. This
temperature distribution along the cathode does not make the experimental
curve deviate noticeably from the theoretical curve for a cathode with uni-
form temperature.
It remains now for us to examine the effects first, of the non-uniformi-
ty of the cathode work function and second, of the reflection at the sur-
faces of the electrodes. The distribution of work function along the cathode
being unknown, we use a crude model for discussion. We consider our cathode
10o VT
-I
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lb
Q
Fig. 5 Retarding field plots matched
together. Solid line, theoretical
Schottky curve; dot-dash line,
calculated curve for a patch model
at 500°K assuming no reflection.
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as made up of patches that can be grouped into seven equal areas with work
functions ranging in equal steps from to + 0.15 volt. As a first approxi-
mation, we neglect the distortion of the electron trajectories by the patch
field, and sum up the component currents from the separate patches directly,
using Eq.(l) with different retarding potentials for the different groups of
patches. The calculated retarding field curve is shown in dot-dash line in
Fig. 5 for the temperature of 5000K. Similarly calculated curves for tempera-
tures from 4500K to 550°K show only slight deviation from each other. The
experimental curves for the temperature range of 442 0K to 5350K are also seen
to be very close. The calculated curve fits the experimental curves quite
well, and the use of a more elaborate model with a slightly larger range of
work-function variation would enable us to make a perfect match. It will be
seen in the analysis of our accelerating field measurements that this value
of work-function variation agrees with the value we found there.*
C. The Reflection Effect
As mentioned in the introduction, according to Nottingham's measurements
on tungsten and thoriated tungsten filaments, a reflection coefficient as
given by Eq.(2) with k/w = 4.5 x 10- 4 deg- 1, should occur at both the cathode
and the anode. Electrons that are reflected from the anode should go back
to the cathode if the field is strictly radial. Since Nottingham used a
filament wire of about 0.08 mm in diameter, a slight departure of the elec-
trodes from being strictly coaxial would cause the electrons that are re-
flected from the anode to miss the cathode and go back to the anode again.
Thus the anode current would not be affected appreciably by the reflection
effect at the anode. However, with our tube, the cathode was 2 mm in diame-
ter so that the electrons that are reflected from the anode had very good
chance of landing on the cathode as they should in the ideal case. This
reflection effect at the anode would reduce the anode current more at high
retarding fields than at near zero field. Measurements yield information
on the reflection effect only as the reflection near zero field differs
relative to that at high retarding fields. Therefore the apparent reflection
effect is greatly reduced when the reflection at the anode is included.
The current expression for a uniform cathode when reflection effect is
present is:
*It should be emphasized that by the work function of the patches we mean the potential
barriers, in the presence of the field due to the neighboring patches, which an elec-
tron climbs over in traveling along the normal to the patch area. In our later use of
Becker's hill-and-valley checkerboard approximation for accelerating field studies, the
work functions of the patches are those defined by Becker, i.e. they are the values when
each patch is considered as an infinite plane with no neighboring patches.
-9-
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O'h 
x o
(1 - R) exp( x y d
-zi_- 2px~ Pxdp ; /2meV-(l- 2 ) 2
pi
where Px and py are the normal and tangential components of the momentum of
the electron at the cathode surface (the length of the cathode is along the
z-axis), and e is as defined in Eq.(l). R is the reflection coefficient,
and is given by Eq.(2) when reflection at the cathode alone is considered.
When multiple reflections at both electrodes are considered, it is as follows:
l-R- =
where
(1- RC)(1- Ra)
(8)
1- RcRa
Rc = exp -,
Ra = exp (-)r/
and
p2 p2 + 2 (1 - 2) -2meV
x x y
Px being the normal component of electron momentum at the anode surface. In
Fig. 6 are shown the retarding field currents for different assumptions of
to V/T
Fig. 6 Calculated retarding field plots for
a uniform cathode with different
assumptions of reflection effect.
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reflection effects. It is seen there that while Curve B, where reflection
effect at the cathode alone is considered, is markedly different from Curve
A for zero reflection. Curve C, for which the multiple reflection effect
is considered, has a form very nearly the same as Curve A. Therefore we
see that the reflection effect, if it does exist, is not observable in our
case. The possibility of the existence of an appreciable reflection effect
at the electrode surfaces should not be excluded although we have found a
satisfactory explanation of our retarding field measurements with the patch
theory. A decisive check on this reflection effect would be to use a fine
filament wire, in which case the reflection effect, if it does exist, would
show up strongly.
D. Work Function and Zero Field
The thermionic emission vs. temperature curve is shown in Fig. 7.
= AT
W A'=2
S -12
.a
0
-14 X
- _ _
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4EXP(-eOkT)
25 volr
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Fig. 7 Observed saturation current vs.
temperature.
30
The currents used in the plot are the observed saturation currents so that
the slope of the plot gives the effective work function. The points lie
approximately on a straight line. The effective work function is found to
be 1.25 volts and the A value around 26. The effective zero fields obtained
from the matching of the experimental retarding field plots to the Schottky
plot are shown below:
Temperature in OK
535
501
468
Vo in volts
3.17
3.19
3.21
3.22
This variation of the effective zero field is quite large and could be due
to the changes in work functions of the patches and to the effect of the
patch field distortion on the electron trajectories which we have neglected
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in our previous analysis. The anode work function obtained from the values
of O* and V* given above is around 4.4 volts. This is higher than the
thermionic value of 4.07 volts obtained for tantalum by Dushman, Rowe, Ewald,
and Kidner (10); and the photoelectric value of 3.92 to 4.05 volts obtained
by Cardwell (11).
IV. Accelerating Field Studies
A. Measurements
Emission currents were measured with accelerating potentials up to 7 kv
and at temperatures below 5000 K. The maximum electric field, calculated
from the geometry of the electrodes, was 50,000 volts/cm at the cathode sur-
face. The drop in potential across the coating was negligible according to
Mahlman's measurements on the conductivity of oxide coating prepared in the
same way as in this experiment. The emission current was always below 1 amp
and therefore there was no heating up of the cathode when high voltage was
applied between the electrodes. The current was steady on the application
of high accelerating potentials, and the current at low field did not change
before and after a run was made. The results for the same cathode used in
the retarding field studies are shown in Fig. 8. Measurements on two more
cathodes show similar current voltage characteristics. Results on one of
them are shown in Fig. 9. The curves are seen to decrease in slope as the
voltage is increased and remain almost linear for a range of moderate volt-
ages and increase rather fast in slope as 3 kv is exceeded. The minimum
slopes near the linear part of the curves in Fig. 8 are about 2.6 times the
theoretical Schottky line if one takes the field at the cathode surface to
be that calculated according to the dimension of the electrodes. The slopes
for the curves at the two temperatures are about the same. According to
o
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Fig. 8 Accelerating field plots
for the same cathode used
for Figs. 4, 5 and 7.
10rVI/T
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Fig. 9 Accelerating field plots
for another oxide cathode;
note similarity to plots
in Fig. 8.
1043 V/T
patch theory, we would expect a deviation of the experimental curve from the
Schottky line at low voltages and that deviation should go to zero at high
voltages. There are two difficulties if we were to rely on the patch theory
alone to explain our results: first, the rapidly rising parts of the curves
at high voltages cannot be explained; and second, since the curves did not
approach the theoretical Schottky line even at 5 kv, the average linear
dimensions of the patches would have to be smaller than 10-6 cm. It is
conceivable that there could be patches of that size or smaller, but owing
to their small areas, their contribution to the emission current would not
be important unless their work functions are greatly reduced by a very
strong accelerating field. This point will be discussed.
B. The Effect of the Roughness of the Cathode Surface
Owing to the difficulties with patch theory alone, it is desirable to
look into the other possible reasons for this deviation. It is easy to see
that the roughness of the cathode surface has an important effect on the
actual fields at the different parts of the cathode. With the oxide cathode
built up of crystals of sizes of from one micron to a few tens of microns,
piled up on one another, the field variation along the cathode would be very
large. And it is likely to have a considerable fraction of the cathode sur-
face with fields ten times or more higher than the average field. At low
voltages, this effect will not be important. The lowering of the potential
barriers at low accelerating potentials will be small even for the sharp
points where the fields are many times higher than the average field. The
change in the logarithm of the emission from a small area of the cathode is
proportional to the lowering of the potential barrier there. When the latter
is small, the change in the emission current itself is also nearly
-13-
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proportional to it, and therefore to the square root of the field. Thus
the net field effective in increasing the emission for the entire cathode
is close to the average field. (The effective field would be equal to the
average field at low accelerating potentials if the lowering of the poten-
tial barrier were proportional to the field itself and not to its square
root.) At high accelerating potentials, the lowerings of the potential
barriers are large, and the change in the emission current at any spot is
then no longer proportional to the lowering of the barrier. Emission cur-
rents from places where the fields are strong are far more important than
those from places where the fields are relatively weak, and the effective
field for the entire cathode is then very different from the average field,
and is close to the field at the strong field places. It is thus seen that
the ratio of the effective field to the average field increases from unity
at low accelerating potentials to higher and higher values as the acceler-
ating potential is increased. It is not surprising thus to find that the
experimental curves did not approach the theoretical curve even at the
highest average field of 50,000 volts/cm as we have used. The explanation
of the entire curve is as follows: at low applied acceleration potentials
the effective field is approximately the average field, and the initial
large slope of the curve and the subsequent decrease in slope is mainly due
to the patch effect. At higher accelerating potentials, the patch effect
becomes smaller but the effective field to average field ratio becomes
greater so that the slope of the curve no longer decreases. For voltages
above 1 kv, the patch effect becomes almost negligible and the curve has an
almost constant slope over a considerable range of voltage. This slope is
2.6 times higher than the slope calculated from the average field because
the field effective in increasing the emission current is 2.62 times higher
than the average field. For accelerating potentials above 5 kv, the slope
of the curve increases rather fast because of the further increase of effec-
tive field to average field ratio; and probably at some extremely sharp
points, field emission was taking place. Based on this explanation, we can
estimate the average linear dimension of the patches and the variation in
work function of the patches using Becker's hill-and-valley checkerboard
approximation (12). Estimates have been made for two extreme cases: first,
that the effective field to average field ratio is 2.62 throughout the
whole range of accelerating potential up to 5 kv; and second, this ratio
is unity for acceleration potentials below 1 kv and 2.62 for potentials
above that. The actual case should lie between these two extremes. The
results of estimation are: the maximum work function variation (assuming
sinusoidal variations from patch to patch) is 0.16 volt from average for
both cases; and the average linear dimensions of the patches are 2 x 10-5 cm,
-- 
___-I
2 x 10- 4 cm for the first and the second cases respectively. The calculated
curves for the first extreme case are shown in Fig. 8. This value of work
function variation agrees with the value of 0.15 volt we have obtained in
our analysis of the retarding field measurements. The linear dimensions of
the patches of 2 x 10-5 to 2 x 10-4 cm are rather small compared to the sizes
of the oxide crystals which run from 10-4 to 10-2 cm. It should be noted
that in our analysis, it is perhaps around the smaller crystals that we have
higher fields and therefore more important contributions to the observed
current; and it is also likely that the patches correspond to crystal defects
and not to the entire crystal faces.
Measurements at near room temperatures lend support to this view of the
important effect of the roughness of the cathode surface. At high acceler-
ating potentials, fluorescent spots appeared on the glass wall of the experi-
mental tube indicating that the emission came from local spots of the cathode
where the fields are very high. Curves in Fig. 10 show that the current
is temperature sensitive suggesting that at least part of it is thermionic
emission from local sharp points where the potential barriers are lowered
to perhaps two or three tenths of an electron volt by the extremely high
fields there.
Fig. 10 Electron emission at near room temperatures
under high accelerating voltages.
V iN kilovolts
It is suggested that further accelerating field measurements be done
with single crystals or with cataphoretically deposited cathodes whose sur-
faces are far more smooth than the ordinary cathodes with sprayed-on coatings.
-15-
Z
X
_o
0
-J
1 _1·1-_-1-------·11_-111  - ---------I_--------·-·---C-
Acknowledgment
The author wishes to express his gratitude to Professor W. B. Nottingham
for the suggestion of this work, his constant interest in it and his many
helpful suggestions.
References
(1) N. H. Frank and L. A. Young, Phys. Rev. 38, 80 (1931).
(2) W. Schottky, Ann. der Phys. 44, 1011 (1914).
(3) W. B. Nottingham, Phys. Rev. 49, 78 (1936).
(4) W. Heinze and W. Hass, Zeit. fr Tech. Phys. 19, 166 (1938).
(5) H. Y. Fan, Jour. Appl. Phys. 14, 552 (1943).
(6) B. B. Brown, M.I.T. Thesis, (1942).
(7) G. W. Mahlman, M.I.T. Thesis (1948).
(8) R. L. Sproull, Phys. Rev. 67, 166 (1945).
(9) G. E. Moore and H. W. Allison, Jour. Appl. Phys. 12, 431 (1941).
(10) S. Dushman, H. N. Rowe, J. Ewald and C. A. Kidner, Phys. Rev. 25,
338 (1925).
(11) A. L. Hughes and L. A. Dubridge, "Photoelectric Phenomena",
McGraw-Hill Co. (1932).
(12) J. A. Becker, Rev. Mod. Phys. 7, 95 (1935).
-16-
I
